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1. Introduction
During the last meetings a discussion has been started on how to align the testing of the devices with the simulations performed to determine the Refsense values in the specification [1], [2]. 
One of the possible options mentioned was the possibility to integrate an antenna coupling into the conducted test setup. 
2. Discussion
In the current Refsense calculation an antenna coupling of 10 dB is assumed [3], [4]. The implementation of a dedicated coupling between the antenna ports of UE poses several challenges on the test system. 
In 36.508 RAN5 has described several connection diagrams for the existing test cases and UE configurations. As it can be seen from figures 1-3 a lot of different connection possibilities already exist in the current specification for the Refsense test cases and real-life implementations may vary even more.
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Figure 1:
36.508 figure A.3: Connection for basic single cell, RX and TX tests
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Figure 2:
36.508 figure A.32a: Connection for basic Tx and Rx tests for CA (separate connectors)


[image: image3.emf] DUT

Rx2_p

(Tx/Rx1)_p

Rx2_s1

(Tx/Rx1)_s1

Rx2_sn

(Tx/Rx1)_sn

 SS_p      Tx1

Rx

Split

Split

Split

.

.

.

.

.

.

.

.

 SS_s1    Tx1

Rx

 SS_sn    Tx1

Rx


Figure 3:
36.508 figure A.55: Connection for basic Tx and Rx tests for CA (≥ 3CCs)

To implement an antenna coupling into a test system all of these options would need to be considered, leading to large number of different antenna coupling scenarios.
Due to the sheer number of antennas and scenarios that need to be considered, a very complex coupling mechanism would be required. Since the coupling needs to be constant for all coupling scenarios, the coupling factor between the antennas will be determined by the largest number of antennas that need to be considered for coupling. Even for relatively simple scenarios of UEs with only 4 antennas the coupling can be expected to be much larger than the currently used 10 dB, taking into account state-of-the-art components and implementations. If more complex UEs need to be considered for the coupling scenarios, which is very likely in the future, this value would increase even more.
Also there are further complications to the possible implementation, due to the real life behaviour of the needed components for such an antenna coupling implementation. Typically all components needed to create such a coupling will have their IL increase over frequency. This makes it very difficult to achieve a constant coupling factor over the whole needed frequency range as it is currently assumed. The coupling may vary by several dBs over the whole frequency range based on the used components. 
Not only will the coupling vary over frequency by possibly a few dBs as lined out in the section before also achievable tolerances need to be considered. For current TCs like e.g. Refsense a good test system uncertainty can be achieved for the test system by implementing a calibration algorithm into the test equipment. However if a coupling between antennas needs to be implemented in the test system, these paths cannot be calibrated in the usual way. The couplings will vary from test system to test system or even within one test system influenced nearly exclusively by the used components. This would lead to large test system uncertainty and poor reproducibility.
3. Conclusion
In this paper several issues have been presented that would make an implementation of a reliable coupling of several antenna ports very challenging. As discussed above, the coupling factor is largely dependent on the complexity of the antenna configuration, thus to achieve an antenna coupling of 10 dB as it is currently being discussed, seems not to be practical for current antenna configurations, which typically involve multiple UE antennas.
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